Objective: The objective of the present work was to compare and verify efficacy of Aloe vera (1 to 3 %) with dimethyl sulfoxide (1 to 3 %) for its penetration enhancing property for topical delivery of lidocaine.
INTRODUCTION
Topical gel drug administration is a localized drug delivery system anywhere in the body through ophthalmic, rectal, vaginal and skin as topical routes. 1 Skin is one of the largest route of drug delivery action and readily accessible organs on human body for topical administration and is main route of topical drug delivery system. Topical application of drugs of potential advantages of delivering the drug directly to the site of action and acts for a long period of time. 2, 3 Lidocaine hydrochloride is the first amino amide type of local anesthetics and has been in use for many years. In dentistry, it is a drug of choice to temporarily anesthetize the tiny nerve endings located on the surfaces of the oral mucosa. As a local anesthetic, lidocaine is characterized by a rapid onset of action and intermediate duration of efficacy, making it suitable for infiltration and nerve block anesthesia. 4 Lidocaine stabilizes the neuronal membrane by inhibiting the ionic fluxes required for the initiation and conduction of impulses, thereby effecting local anesthetic action.
Skin penetration enhancers reversibly decrease the barrier resistance of the stratum corneum and allow drugs to penetrate more readily to the viable tissues and the systemic circulation 5, 6 . Penetration enhancers are applied to improve the permeation of the poor permeable drug through the skin. They do not have any therapeutic effect but they enhance the penetration of drugs across the membrane.
Nowadays, many herbal penetration enhancers are included in generally recognized as safe substances list, and they possess low side effects and irritancy in comparison with synthetic chemicals such as solvents and azones or surfactants 7 .
There are synthetic permeation enhancers and natural permeation enhancers that will help in improving the transdermal permeation of poorly absorbed drugs. It promotes permeation by reducing skin resistance to drug molecules or by promotion of drug partitioning from the dosage form. 6 However, besides its pharmacological applications, several systemic side-effects from the use of DMSO have been reported, namely nausea, vomiting, dermatologic reactions and toxic effects, particularly on the peripheral nervous system [10] [11] [12] . DMSO penetrates the cell membrane and causes an increase in osmolality both inside and outside the cell, preventing any significant hemolysis due to the formation of an osmotic gradient 13 . Thus, a natural permeation enhancer will prove to be more effective and 14, 15 . Thus, the objective of this work was to investigate the potential of DMSO and Aloe vera as penetration enhancers for topical delivery of lidocaine. 
MATERIALS AND METHODS

Chemicals and reagents
Extraction of Aloe vera gel
Spikes and margins were removed carefully before slicing the leaf. The cortex was carefully separated from the parenchyma using a scalpel-shaped knife. Aloe vera gel was extracted by simple drain procedure, where 2-4 leaves of aloe were cut at about ½ inch from the base so as to drain out all the yellow sap material. The sap flows freely with the Evaluation of dimethylsulfoxide and Aloe vera as penetration enhancers for cutaneous application of lidocaine pressure of the epidermal cells and all other cellular structures above it. Then those leaves were further pressurized with hand till it oozed out clear gel. This procedure was very crude and time consuming as well, but gel obtained by this method was more stable and less degraded than other extraction 16, 17 .
Preparation of lidocaine Gel (with Aloe vera and DMSO)
In the formulation glycerine was used as humectant, benzoic acid was used as a preservative and triethanolamine was employed for adjustment of pH. Carbopol 934 was dissolved in a mixture of glycerin and sodium lauryl sulphate (as surfactant) 18 at 80-85°C on a water bath with constant stirring. The mixture was cooled to 40 °C. Aloe vera gel was gradually added to the above mixture with constant stirring to obtain mucilaginous consistency. The stirring was stopped as the gel consistency increased. Lidocaine and benzoic acid was then added and the mixture was stirred.
Finally, triethanolamine was added then it was stirred by using propeller for 2 hours at 500 rpm. The entire procedure was performed by addition of DMSO instead of Aloe vera gel. The composition of the formulations is highlighted in (Table 1) . 
Evaluation of lidocaine gel
Physical examination
The prepared formulations were inspected visually for their physical appearance, color, texture, phase separation, and homogeneity.
pH
The pH of gel formulations was determined by using digital pH meter (Systronics digital-DI-707). 2.5 g of gel was accurately weighed and dispersed in 25 mL of distilled water and stored for 2 hours and the measurement of pH of each formulation was recorded.
C) Viscosity measurements
Gels were tested for their rheological characteristics at 25 0 C using Brookfield viscometer (DV-III programmable Rheometer). The measurement was made over the whole range of speed settings from 10 rpm to 100 rpm with 30 s between two successive speeds and then in a descending order 19, 20 .
Spreadability
A special apparatus as suggested by Mutimer, 7 was designed for determining spreadability of the prepared gel formulations. A bottom glass slide was mounted on fixed base. 2 g of prepared gel formulation was applied on fixed base slide. Then the prepared gel was sandwiched between the top slides having the same dimension of base slide and also provided with a hook. 50 g weight was placed on the top of the two slides for 5min to eject air and to get a uniform film of the gel. Top plate was then subjected to a drag of 20 g weight with the help of a string attached to the hook and the time (in seconds) required by the top slide to cover a distance of 7.5 cm was noted 21 .
It is expressed in terms of time in seconds taken by two slides to slip off from the gel and placed in between the slides under the direction of certain load. Lesser the time taken for separation of two slides, better the spreadability.
Spreadability was calculated by using the formula:
Mangesh AB, Somnath DB, Dheeraj SR, Omprasad N, Prajakta P Where, M is the weight (g) tied to the upper glass slide; L is the length (cm) moved on the glass slide; and t is time to separate the slide (s). In this present experiment, M = 50 g, 'S' is recorded.
Centrifugation
Centrifugation test for formulation kept at different storage conditions were performed for 30 days and observed phase separation after centrifugation.
Drug content
Drug content of gel formulations (1 g) was determined by dissolving an accurately weighed quantity of formulation in about 50 mL of pH 6.8 phosphate buffer. The resulting solutions were filtered and subjected to spectrophotometric analysis at λmax 263 nm. If necessary further dilutions were made using the same buffer solution. Drug content was thus calculated 22 .
In-vitro diffusion study
The diffusion studies were performed by applying 1 g of the gel uniformly to the dialysis membrane. 
Stability studies
Stability testing of drug product being as a part of drug discovery and ends with the commercial product, to assess the drug and formulation stability, some studies were done.
The stability study was carried out for the most satisfactory formulation. The most satisfactory formulation was kept at 0 °C (27±2) °C and (40±2) °C. At the end of 1 month, the samples were analyzed for the drug content and in-vitro diffusion study 23 .
Kinetic analysis of the release data
In vitro drug release data were studied by using the following equation, as proposed by Korsmeyer 24 .
Where, Mt/M1 indicated the fractional amount of the drug released from the formulation under study at time t, k refers to the release rate constant and n, indicates the diffusion exponent that states the type of the release mechanism of drug during the release process. Values of n and k were determined by using the linear regression of log (Mt/M1) versus log t.
Statistical analysis
All the values were expressed as mean ± S.D in each group.
Statistical analysis was performed using student t-test. A value of P < 0.05 or 0.01 was considered statistically significant. In the present study, six formulations of lidocaine gel were prepared using permeation enhancers namely DMSO and
RESULTS AND DISCUSSION
Aloe vera in different concentration viz. (1%, 2% and 3% as highlighted in (Table1). The prepared formulations were evaluated for physicochemical evaluation.
Physical Examination
The results of the test of physical evaluation revealed that for all the formulations there was no change in color, odor and appearance up to the observation period of 30 days.
The centrifugation test results showed that no phase separation, after centrifugation were found in formulations F1-F6 at 8 º C and 40 º C during one month study. All the prepared formulations were found to be colorless with semisolid consistency and characteristic odor. No separation of layer was observed after centrifugation tests. Similar results were observed after 30 days of stability studies for all above said parameters.
pH of the formulations was found to be in the range of 6.8 to 7.1 shown in Table 2 . After 30 days the pH of the formulations does not exhibited marked change in the pH values (6.3 to 7.2). The results are shown in (Table 3) .Viscosity of the formulations, kept at storage conditions for 30 days, was found to be within the range showed in Table   4 . Pseudo-plastic or shear thinning fluids display viscosity reduction while the shear rate increases. Moreover, all the prepared formulations were found to possess good spreadability, consistency and homogeneity.
Drug content
Drug content was found to be in the range of 81.15% to 96.10% in the formulations (Table 2 ). After one month study the drug content was found to be in the range of 79.66% to 95.34%. (Table 3 )
In-vitro diffusion study
In vitro drug release profiles showed that as the concentrations of A. vera gel increased in the formulations, the drug release rate increased substantially (Figure 1 ). It was found to be 79.18% for the formulation F6, which comprised of 3%
Aloe vera incorporated as a permeation enhancer. Similarly, for formulation F3 that comprised of 3% DMSO as permeation enhancer the drug release was found to be 84.52%.
Thus, Aloe vera gel may be considered as an effective permeation enhancer.
Kinetic analysis of the release data
The observed drug release data from the different gel formulations were treated mathematically as per Krosmeyer equation. The obtained results are represented in Table 5 . Evaluation of dimethylsulfoxide and Aloe vera as penetration enhancers for cutaneous application of lidocaine Table 5 . Kinetic constants (K), diffusional exponents (n) and correlation coefficients (r2) by linear regression of ln (Mt/M1) vs ln t. The values are mean ± SD, n =3 
CONCLUSION
Since, the external use of Aloe vera on intact skin is not associated with adverse reactions and is generally regarded as safe, the use of this natural resource as a penetration enhancer may be considered beneficial as compared to other synthetic permeation enhancers. Based on the results of the study it may be concluded that the transdermal gel of lidocaine prepared along with Carbopol 934 by using Aloe vera as a natural penetration enhancer at a concentration of 3% may be used to enhance the penetration for drug molecules across the skin.
